The aim of this study is to investigate the effects of chronic hypoxia and hypercapnia on learning and memory function of mice and the expression of neurotensin (NT) and calcitonin gene-related peptide (CGRP) in mice brain. A total of 30 C57BL/6J male mice were randomly divided into normoxia control group (control group, n = 15) and chronic hypoxia and hypercapnia stress group (experimental group, n = 15). The control group was kept under normal temperature and pressure conditions, while the experimental group was kept in a chamber at normal pressure, hypoxia and hypercapnia for 8 h daily and 6 days a week for 4 weeks. On the 28th day, the learning and memory ability of mice was examined by 8-arm maze. The content of 8-hydroxy-deoxyguanosine (8-OHdG) in brain was detected by enzyme-linked immunosorbent assay (ELISA) analysis. Superoxide dismutase (SOD) activity and malondialdehyde (MDA) content were determined by spectrophotometry, and the derangement of hippocampal ultrastructures and numbers of apoptotic neurons were observed by microscope. The expression of NT and CGRP in brain tissue was observed by immunochemistry. Compared to control group, the content of 8-OHdG in hippocampal and serum MDA were significantly increased by 1.3 and 1.78 times, while the activity of SOD in serum was decreased by 27.28% in experimental group. Besides, the cellular structure of the hippocampus was disorderly arranged, the shape is irregular and the quantity is markedly reduced obviously in experimental group. In addition, the content of NT and CGRP in brain tissue was higher in experimental group than in control group (P < 0.05). The stress of chronic hypoxia and hypercapnia not only can induce learning and memory disorders in mice which may be related to increased neuronal apoptosis and oxidative stress injury but also can increase the expression of NT and CGRP in brain tissue which may have some impact on gastrointestinal motility in mice.
Introduction
Chronic obstructive pulmonary disease (COPD) is a frequently occurring disease of the respiratory system, with high morbidity and mortality rates. COPD is a disease of many etiologies, which can be triggered by particulate matter, inflammation, oxidative stress, hypoxia, and other factors. The most important cause of COPD is hypoxia (low O 2 ) and hypercapnia (elevated CO 2 ). 1 Recently, many studies 2, 3 have reported that cognitive impairment was caused by COPD, and such damage is not caused by coincidence or depression. Chronic hypoxic and hypercapnia models well simulate the pathophysiological changes of COPD, making it an ideal tool for studying the pathogenesis and clinical management of pulmonary arterial hypertension. However, previous studies 4 only focus on the pathogenesis and development of pulmonary arterial hypertension while less attention is paid to the impact of cognitive function. Both neurotensin (NT) and calcitonin gene-related peptide (CGRP) are widely distributed in gastrointestinal tract and brain gut peptide. The expression of these peptides has a significant correlation with gastrointestinal motility and memory. Recently, studies showed that high expression of NT and CGRP in brain can slow down gastrointestinal motility, 5 and hypoxia and hypercapnia can lead to acute gastrointestinal dysfunction. 6 However, there are few reports on the effects of chronic hypoxia and hypercapnia on the expression of NT and CGRP in the brain of mice.
In this study, the COPD mice model was established in hypoxia and hypercapnia environment to observe the effect of hypoxia and hypercapnia on learning and memory function and the expression of NT and CGRP in the brain of mice, which can help to explore the damage mechanism of chronic hypoxia and hypercapnia and provide an important reference for clinical diagnosis and treatment of COPD.
Materials and methods

Materials
Animals. A total of 30 C57BL/6J male mice are provided by the Hunan Lake Biotech Laboratory Animal Company, and body weight range is (22 ± 1) g. 
Methods
Animal groups and model preparation. A total of 30 cleangrade male C57BL/6J mice were randomly divided into normoxia control group (control group, n = 15) and chronic hypoxia and hypercapnia stress group (experimental group, n = 15). The mice in the experimental group were placed in a hypoxic hypercapnia chamber (oxygen concentration was 9%-11%, carbon dioxide concentration was 5%-6%), 8 h a day and 6 days a week for 4 weeks, the rest of the time in the same room as the control group (room temperature 20° -23°C, relative humidity 50%-70%), the control group lived in the normal atmospheric environment, and the feeding conditions were the same in the two groups. 7 Eight-armed maze test. The memory ability of mice was trained before building models. 8 To reduce its body weight to about 85% of the original and remain unchanged, the diet of mice was limited 2 days before training and should be maintained throughout the training period (Bait formula: milk 6 mg, lactose 23 mg, low-substituted hydroxy cellulose 2.5 mg, magnesium stearate 0.5 mg, talcum powder 1 mg, and powdered sugar 17 mg; after pelletizing, the tablet was compressed to 50 mg per tablet). Mice were preconditioned in the maze once a day. On the first day, bait tablets sprinkled on the eight arms can be eaten freely by mice for 10 min. On the second day, the bait tablets were placed on the fixed four arms (1, 2, 4, 7 arms), and letting them find for 10 min. Mice which entered the arms with bait tablets and took in the food was a correct choice without recording, but re-entered the arms with bait tablets indicated working memory error (WME). Mice entering the arms without bait tablets indicated reference memory error (RME). Total memory error (TE) equaled the sum of WME and RME.
Standard of training success. WME was 0 during five consecutive training, and RME ⩽1. After 4 weeks of hypoxia-hypercapnia or normoxia control, the mice were tested according to the above method, and WME, RME, and TE were recorded.
After eight-armed maze test, mice were anesthetized by peritoneal perfusion with 10% chloral hydrate. Fresh blood was taken from the abdominal aorta and centrifuged at 3000 r/min for 10 min. Serum levels of superoxide dismutase (SOD) and malondialdehyde (MDA) were measured by corresponding commercial kits obtained from Beyotime Biotechnology (Shanghai, China). 9 After saline infusion, the bilateral hippocampi of rats were separated and embedded paraffin. One hippocampus was dehydrated, paraffin-embedded, and then cut into 5-µm-thick sections. The other hippocampus was divided into 1-mm cubes which were fixed in glutaraldehyde solution and then embedded in EPON812. After cutting into slices by ultramicrotome and osmic acid dyeing, the ultrastructural changes in the brain were observed under transmission electron microscopy. The remaining part of brain tissues was used to detect the expression of NT and CGRP. The cells were homogenized with appropriate amount of phosphate-buffered saline (PBS) and centrifuged at 12,000 r/min for 10 min. After the supernatant was taken, the content of 8-OHdG was measured by ELISA.
Detection of SOD activity and MDA content in serum. Serum SOD activity was measured by xanthine oxidase method (sample size 30 µL). Serum MDA levels were measured by thiobarbituric acid method (sample size 10 µL). The specific operation was based on kit instructions. 9 Hippocampal 8-OHdG content. Double antibody sandwich ABC-ELISA was performed. Plates were coated with anti-rat 8-OHdG monoclonal antibody and then the endogenous 8-OHdG in standards and samples was allowed to bind to the antibody for 3 h. After that, biotinylated anti-rat 8-OHdG was added to form immune complexes on the plate. Horseradish peroxidase-labeled streptavidin binded to biotin and the color turned to blue after adding substrate working solution. Finally, stop buffer sulfuric acid was added, and the A value was measured at 450 nm. 8-OHdG density which was positively correlated with the A value can be obtained by drawing a standard curve.
Nissl staining. Taking the above prepared paraffin sections, conventional dewaxing hydration, and then putting the sections into Nissl staining solution for 10 min, absolute ethanol differentiation for 5 s, Immersing in xylene for 5 min, sealing. The results were obtained by light microscope observation: Nissl bodies were purple-blue with massive (shaped like tiger stripes) or granular form. Each section randomly selected five high-power fields to count the number of Nissl bodies (unit: number/ high power field of vision).
TUNEL staining. The paraffin sections underwent conventional dewaxing hydration, PBS washing twice, then incubated with 2% Proteinase K work liquid at 37 C for 30 min, and then rinsed twice in PBS. Two sections were randomly selected to serve as positive and negative controls. The other sections were incubated with 50 µL TUNEL reaction solution for 60 min at 37 C in the dark and then washed five times with PBS. Specimens were examined under fluorescence (excitation wavelength 450 nm, emission wavelength 550 nm). TUNEL-positive cells were yellow-green with bright spots at the end of the perinuclear chromatin. TUNEL-positive cells were counted in five high-power fields randomly selected from each section.
Detecting the expression of NT and CGRP in mice brain. Taking brain tissue, 4% paraformaldehyde fixed 1 h, followed by 15%, 20%, 30% sucrose precipitation for 24 h. After OTC embedding, the specimen was cut into 18-μm-thick sections by the frozen slice machine. The sections were incubated in 3% H 2 O 2 deionized water for 10 min to eliminate endogenous peroxidase activity. Sections were washed with PBS for three times and incubated with 100 μL normal goat serum for 15 min at room temperature, and the solution was decanted. Next, sections were incubated with Anti-NT and CGRP Mice antibody (concentration: 1:500) at 37°C for 2 h and then washing with PBS for three times. After that, 100 μL of SP-9000 biotinylated secondary antibody working solution was added at 37°C for 30 min, washed with PBS for 3 min, and horseradish enzyme-labeled streptavidin working solution 100 μL was added at 37°C for 30 min and then washed with PBS for 3 min; 100 μL AEC reagent was added for 10 min and then the reaction was stopped by double distilled water washing; patched, and sealed with water-soluble encapsulating tablets. Meanwhile, primary antibody was replaced with normal goat serum and PBS as a blank control to check the specificity of the immune response. Each slice was placed under a 400× microscope and randomly selected five non-repeated visual field. IPP5.1 image analysis system was used to automatically count the number of immune-positive cells and calculate the average.
Statistical analysis
SPSS18.0 statistical software was used in our study. Data are expressed as mean values ±/-SD. Values were compared by Student's unpaired t test. P values < 0.05 were taken to indicate statistically significant treatment effects.
Results
Comparison of learning and memory function between two groups of mice
The WME, RME, and TE increased appreciably in the hypoxia-hypercapnia treated mice, while RME was essentially unaffected ( Table 1) .
Comparison of the levels of 8-OHdG, MDA in serum, and serum SOD activity between two groups of mice
Contents of 8-OHdG and MDA increased by 1.30 and 1.78 times in the hypoxia-hypercapnia group versus the respective control values, while SOD activity fell by 27.28% (Table 2) .
The results of light and electron microscopy observation between two groups
Light microscopy showed that the organization of the control group arranged in order with clear outline and the structure was complete. Nissl bodies located around the nuclear and the number was rich, structural integrity, uniform darker staining, apoptotic cells occasionally. The organizational structure of experimental group was disordered, and cell profile was still clear, but the number of Nissl bodies reduced significantly, and the structure was not regular. Besides, apoptotic cells were more common (Table 3 , Figures 1 and 2) .
Electron microscope observation of hippocampal neuron nuclei showed that the nucleus of the control group was round, the karyotheca were smooth, the nucleoli were clearly visible, and the chromatin was finely grained and distributed evenly; the experimental group had pyknotic nuclei, irregular shape, fuzzy karyotheca, and nucleolus became more dense. The cytoplasm of control group had abundant organelles such as mitochondria, endoplasmic reticulum, and Golgi apparatus with clear and complete structure. The cytoplasm of experimental group increased, and the number of organelles decreased obviously and the structure was fuzzy (Figure 3 ). 
The expression of NT and CGRP in brain tissue between two groups
Normal brain tissue has a certain amount of NT expression. Positive cells with NT expression (reddish brown) are mainly distributed in hypothalamus, and star-shaped and strip-shaped were more common. The positive expression of CGRP in normal brain tissue is shown by cytoplasmic reddish brown staining. CGRP expression in different parts presented various forms and mainly expressed as fusiforms and polygons in the hypothalamus. The staining and the number of NT positive expression cell increased significantly in experimental group than in control group after chronic stress. The staining and number of CGRP-positive expression cell increased significantly in experimental group than in control group after chronic stress (Table 4 , Figures 4 and 5 ).
Discussion
Oxidative stress and apoptosis are all important indicators to evaluate tissue and cell damage after various injuries. Hypoxia can increase oxidative stress injury in and induce the expression of apoptosis-related genes in hippocampus, leading to delayed death of hippocampal neurons, thus aggravating cognitive impairment. 10 Our study found that chronic hypoxia and hypercapnia impaired memory function, increased the quantity of brain tissue lipid oxidation products MDA and DNA oxidation products 8-OHdG, decreased SOD activity, destroyed the stability of hippocampal structure, and reduced the number of Nissl bodies and increased apoptotic cells in mice. These indicated that hypoxia and hypercapnia enhanced oxidative stress response, destroyed tissue structure, and increased neuronal apoptosis, thus affecting its neurological function and learning and memory ability. Both NT and CGRP play an important physiological role in gastrointestinal motility. 11 Sinski et al. 12 found that hypoxia can lead to acute gastric mucosal injury, but also cause gastrointestinal peristalsis disorders, resulting in decreased gastrointestinal mucosal IgG secretion, mucosal barrier weakened, leading to intestinal mucosal epithelial apoptosis, mucosal integrity is destroyed, bacterial invasion triggered systemic inflammation. Chronic hypoxia is usually accompanied by hypercapnia, so we speculate that hypoxia and hypercapnia may cooperate in this process and aggravate the damage caused by hypoxia alone.
In summary, learning and memory disorder in mice caused by chronic hypoxia and hypercapnia may be related to increased neuronal apoptosis and oxidative stress injury, while the increased expression of NT and CGRP in mice brain caused by chronic hypoxia and hypercapnia stress may have a certain impact on gastrointestinal motility.
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